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••..-•'•'   . Army Air Forces, Materiel command       ••*.:'. 

'.,*. and the "'"• •'«• 

Bureau of Aeronautics, Navy Department '' 

SELECTION OP OIL COOLERS TO AVOID CONGEALING 

' Sy Dennis J. Martin •   ' ,"•;"" 

SUMMARY 

Many different oil coolers may be selected to dissipate 

any required amount of heat.  The pressure drops and rates 

of air flow are readily determined from commercial data. 

However, there are three additional factors which are of 

vital importance: 

1. Congealing tendency of the cooler 

2. Power cost chargeable to the installation 

• :• 3.  Performance characteristics of the oil cooler in '* 

operation at altitude 

The congealing tendencies of oil coolers rank in impor- 

tance with pressure drop, power for cooling, and the dimen- 

sions of the unit.  The congealing tendencies can be im- 

proved by selecting a unit of adequate size and then con- 

trolling the cooling by limiting the air flow. 

This oaper presents a method for (1) selecting an oil 

cooler which will dissipate the required amount of heat, 

(2) for determining its freezing tendency, (3) for calculating 

the power cost, and (U) for investigating the performance 

characteristics at any altitude. 

nger '.we -JH5P "wijgsp : 
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. "• INTRODUCTION 

The selection and Installation of an oil cooler to dis- 

sipate the required heat without congealing tendencies at an 

acceptable power coat has always been a troublesome problem. 

As the operating altitude and the velocity of airplanes have 

increased, the range of pressure drop available for cooling 

and the entrance air temperature have varied in such a manner 

that the congealing tendencies of oil coolers have been 

greatly aggravated. AI30 the increases in speed of new types 

of aircraft have put a premium on installations having optimum 

sizes of cil coolers.  Careful 3eclection of an oil cooler is 

imperative to give satisfactory operation under all flight 

conditions. 

The selection of the dimensions of any heat exchanger 

always involves a compromise among several quantities:  pro- 

portions, power for cooling, pressure drop, etc.   The problem 

of selecting an ethylene glycol or water radiator is one of 

finding the dimensions which will di33lpabo the heat with the 

pressure drop available over the altitude range of operation 

at the smallest pewe*.1 cost.  Oil-cooler selection presents 

the additional problem of ao selecting the dimensions and 

pressure drops that the cooler will be as free as practicable from 

congealing tendencies. 

The present analysis is submitted in order to show what 

conditions must be satisfied to select an oil cooler which 

will give satisfactory operation under all flight conditions. 
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A) 

Appendices are Included which present selection charts and 

selection forms for oil coolers. 

SYMBOLS 

total frontal area of cooler, square feet 

area between baffles, perpendicular to oil. 

flow, square feet 

B     baffling constant determined from oil-cooler data 

Op    specific heat at oonstant pressure, 3tu per pound 

• '      per °P 

°l'c2'cii  empirical numerical constants 

0_/CL ratio of drag coefficient to lift coefficient of 

airplane 

Dft    diameter of cooler, feet 

hydraulic diameter of, passage, feet    • "\ 

ratio of open area to total area 

acceleration due to gravity, feet per second per 

second 

coefficient of heat transfer, 3tu per seoond per 

square foot per °F 

rate of heat dissipation, Btu per second 

heat transferred per 100° temperature difference 

between average oil and entering air 

thermal conductivity, 3tu per second per square 

foot per °P per foot • 

oonstant, seconds per foot-pound • 

D 

t 

6 

H 

*P 
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L.    length of air passage, feet 

n     number of tubes per square foot of frontal area 

p     absolute pressure, pounds per square foot 

&p    pressure drop, pounds per square foot 

P    power, foot-pounds per second 

P     pumping power, foot-pounds per second 

P    power to carry the oil cooler and supports 

(constant wing loading), foot-pounds per second 

Q    quantity of air flow, cubic feet per second 

R     ratio of the thermal resistance on the oil side to the 

thermal resistance on the air side 

•     effective cooling surface per unit length of tube, 

square feet per foot per tube 

effective cooling surface, square fee^ 

temperature, °F 

temperature of tube wall, °P 

change in temperature, °P 

temperature difference between entering oil and Inlet 

'air, °P 

•     volume, cubic feet 

VQ '   speed of airplane, feet per second -' 

W    weight flow, pounds per second 

u,v,x empirical numerical exponents 

«    multiplying factor to account for weight of oil. cooler 

mounting and supports 

S 

T 

*w 

AT 

AT* 

••>• 

^PPP| I,. 5W^? *##^ T^W' izm*'':^ . ••^*i-.
1 T" 
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i C mean effective temperature difference between oil and 

cooling air divided by    AT., 
a. 

n duct pumping efficiency, useful power divided by drag 

power 

l» coefficient of absolute .viscosity,  slugs per foot- 

second 

t| change in temperature of air divided by    AT^ 

S change in temperature of oil  divided by    AT^ 

p density,   slugs per cubic foot 

p weight density of oil cooler,  oounds per cubic foot 

0i»0a»0o»JJf
1
l»0a,» ^o1 constants 

SUBSCRIPTS 

a cooling air 

1 Initial 

0 oil 

t total 
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ANALYSIS 

Heat-transfer units,in general, involve two fluids and 

a dividing surface.       When heat is being transferred from one 

fluid to another,  there is a resistance to heat transfer 

l/htSt.       The total resistance  to the flow of heat is the sum 

of the resistances of the  two fluids and the dividing plate. 
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In most casea the dividing'plate Is very thin and its resis- 

tance may be neglected.  For an oil cooler, we may then 

write 

l/ht
st '= Vkasa + lAoso 

In othylene glycol or water radiators, the thermal 

resistance on the liquid side is negligible.  In oil 

coolers, however^ the thermal resistance on the liquid side 

l/hoS0 iu much larger than In coolant radiators and under 

certain conditions may become equal to or even greater than 

the thermal resistance on the air aide l/haSa. 

Because the physical properties of aviation l'ubrl- 

• "cating oils, chiefly viscosity, depend very 3trongly on 

their temperatures, the prediction of oil-cooler perform- 

'•: ahce is difficult.  It is known that the oil tends to con- 

geal near the tubes when the thermal resistance on the oil 

side is a large part of the total resistance, as occurs when 

the mass flow of oil is small, when the tube spacing i3 

large, or when the oil side is not closely baffled.  If the 

thermal resistance on the oil side is a small part of the 

total, the tube-wall temperature is near that of the oil 

at the center of the passage.  The temperature gradient is 

similar to that shown In figure 1(a).  As the thermal re- 

sistance on the oil side increases, the tube-wall tempera- 

ture falls and the viscosity of the oil near the tube wall 
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Increases raoidly as In figure 1(b).    If the temperature of 

the  tube wall decreases sufficiently the  oil near the tube wall 

beconer.  very viscous and forms  a layer which literally freezes 

onto the  tubing.     This reduces the effective hydraulic dia- 

meter of the passage mid  increases  the oil pressure drop. 

This congealed layer acts  as  an insulating film which prevents 

the oil from performing Its cooling function. 

Figures 2, 3, l+, and 5 present typical test data taken 

at the Naval Aircraft Factory,  Philadelphia.     (See reference 1.) 

In figures 2 and J it "rill be noted that, as the cooling air 

temperature is reduced while the oil and air flovirs are main- 

tained constant,   an air temperature is ultimately reached where 

the heat dissipation decreases ?nd the  oil pressure drop 

increases until  the  bypass  valve  opens.     In figure h,  the weight 

rate of flow of air is varied '"hile  the inlet air temperature 

and mess flow of oil are maintained, constant.     As the  air flow 

is increased,  a value  Is  reached where  the heat dissipation 

decreases  and the  oil pressure drop increases precipitantly. 

In figure  5,  the heat dissipation is shown as a function of 

inlet  oil temperature.     In this case,  as  the inlet oil 

temperature is decreased a temperpture is again reached where 

the heat dissipation begins to fall off. 

The thermal resistance ratio,    —L°_2, has been calculated 
lAasa 

for a number of points.    From the approrJLmate relation, 
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To " Tw - 1A0S 1 = ^ra. 
T - T w   a vv. 

the tube-wall temperature at the point where heat transfer 

takes place between entering air and exit oil has been 

calculated and is plotted on the curves of figures 2, 3» 

Ij., and 5.  Similar analysis for a number of coolers in- 

dicates that congealing becomes possible for the grade of oil 

used when the tube wall falls below a temperature of approxi- 

mately 100°F.  A cooler should be selected with the tube- 

wall temperature always well above danger temperature. 

It must be obvious that this criterion of congealing 

tendencies is much too simple to be used in a general case 

because other factors auch as oil viscosity index, inlet oil 

temperature, and oil flow which were maintained in a limited 

range for the available test data are also important factors 

in determining the safe limiting value for the tube-wall 

temperature. 

This analysis has been carried as far as possible 

without further information, where a large range of oil 

temperatures, oil flows, and viscosities has been used 

in heat-dis3ipation measurements on oil coolers;  Such 

data might allow a correlation to be made which would 

permit a more general and more useful criterion of congeal- 

ing tendencies. 
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By use of the appendix, figure 6 has been prepared for 

an oil cooler to dissipate 100 horsepower. Hare the abscissa 

is weight flow of air vhile the ordinate refers to the 

various curves plotted. Curves showing pressure drop, pover 

eost for cooling, frontal aroa, and tube-wall temperature are 

plotted on this figure.  It in at once apparent from this 

figure that large oil coolers and 3inal.1. cooling air flow 

are favorable both for total povrer consumption and congealing 

tendencies.  In order to sec the picture of oil-cooler 

selection and operating character!sties with altitude, a set 

of three-dimensional charts has been prepared on the axes of 

frontal area and altitude of figures 7, 8, 9, and 10. Here 

the effect of altitude and frontal area on power consumption, 

weight flow of air, pressure drop, and tube-wall temperature 

is shown. 

A study of the3o three-dimensional illustrations reveals 

several interesting points. As the altitude is Increased 

with a given oil cooler, the weight flow of air must be re- 

duced to dissipate the same amount of heat and to avoid con- 

gealing.  If the air flow is held to the proper value to 

dissipate the heat, the maximum altitude Is the critical 

altitiide for the selection of an oil cooler with safe con- 

gealing tendencies. An oil cooler selected with a safe 
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tube-wall temperature at the maximum altitude should experi- 

ence no congealing troubles at lower altitudes.  For the ex- 

ample selected in the appendix, a cooler selected near minimum 

power has resonable freezing tendencies at altitude. 

CONCLUSION 

The results of this analysis of oil-cooler performance 

Indicate that an oil cooler solected upon the basis of using 

the total pressure drop available will be small, will re- 

quire excessive power expenditure, and may have very bed 

congealing tendencies.   Although it might seem most logical 

to pick the smallest cooler which will dissipate the heat 

usir.fr what pressure drop there is available, in most cases 

the use of a larger cooler and a smaller pressure drop with 

good control over the air flow would consume less total power, 

would be less likely to congeal, and would require a smaller 

mass flow of air.  The advantages of a larger oil cooler are 

realized only when careful control of the air flow is main- 

tained. 

As an example assume JO  pounds per square foot pressure 

drop is available in climb at 30,000 feet.  An oil cooler 

using all the pressure drop available maj be selected. 

Prom figure 9, A& is found to be 0.&2 square foot.  From 

figures 7, 3, and 10: '// = p. 7 pounds per second, T = 99°F, 

and P = JO horsepower.  This cooler would very likely con- 

geal. 

^TT 
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However, if only 30 pounds per square foot pressure drop 

is used,  from figure 9,  Att = l.l6 square feet.       Again from 

figures 7,8, and 10:  wa = h.Q pounds per second, Tw = 111°F, 

and P^. = llj.,2 horsepower.       This arrangement would have much 

better freezing tendencies and would consume less than half 

the total power used by a cooler using all  the pressure drop 
available. 

Langley Memorial Aeronautical Laboratory 
National  Advisory Committee for Aeronautics 

Langley Field, Va. ,  July 2lJ I9E?. ' 
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APPENDIX I 

DERIVATION OP THE OIL-COOLER EQUATIONS 

In reference 2, a generalized selection chart for. 

ooolant radiators was presented.  In reference 3i general- 

ized equations for selection charts for heat exchangers in 

aircraft were derived.  Selection charts for any type of 

heat exchanger can be constructed from these equations.  In 

reference L, generalized selection charts for air-to-air 

intercooler3 were constructed.   In this paper a generalized 

selection chart for oil coolers is presented.  A generalized 

selection chart is valuable in that, since it gives, a picture 

of the relations ar.iong the variables, it enables one to 

effect satisfactory compromises.  A  generalized chart 

approaches the ultimate in correlation.  A single chart 

applies to all heat exchangers of a given internal design. 

In both the construction and the use of an oil-cooler 

selection chart, the situation is quite different from that 

for coolant radiators or for intercoolers.  E'or the corre- 

lation in coolant radiators, the liquid is in turbulent flow 

and it is not necessary to take into account the variation 

of the physical properties or the velocity of the liquid. 

Only the air side need be considered and the correlation 

equations of reference 5» can &e used.   In oil coolers, 

however, the oil flow is the laminar rather that the 

W ~mr 
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turbulent type and the physical properties and the velocity 

of the oil In the passages must be considered. 

The power chargeable to the oil-cooler installation Is 

the sum of the power required to pump the cooling air through 

the cooler plus the power required to carry the oil cooler 

and its supports, 

z        P   w 
(1) 

Since the power consumption is not the critical variable, the 

weight-carrying power will be omitted in the selection chart 

and equations.  This greatly simplifies the charts and re- 

duces the computations.  However, the weight-carrying power 

will be added before the final selection is made. 

P s Qa L  ?a _ Wa L  pa 
P    TU     Pa g •% 

(2) 

The pressure drop for air flowing through tubes is given 

by 

A p A. 
k x ipaVa

2La/D£ 

or, 

A pfl - 
2 c. L~  ^c 

x+i - 2-xT"?1^ 
"a  &a  -a 

henoe, from equation (2), 

-x 

*r». 

ai 
3-x 

**"***£, (3) 

f,m 
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The total thermal resistance equation is, 

htst      hasa      hoso      n v \hasa      Vo/ 
(W 

The generally accepted equations for correlating heat- 

transfer coefficients are. 

haD. 

The free area of the oil passage, 

(5) 
vji.'S    Sft<ST' 

5^-ti w • * 

•tti>* 

From equations (1+),  (5),  and (6), 

1    -.    1 
htSt      n v 

Da jS 
u 

Do Ho 

•a°l|.ki (5i2jLS 8oc3lc0/ W^ V 
\SAafa; ^ fa^Z/yfij 

tM: 

(7) 

The heat-balance equation is. 

H = htStMLt, 

Then from equation (7) 
vX'.*.: 

n v * Ti S = gfa 
H SO" "• W (3) 

To arrive at the generalized equations we define the following 

generalized variables: 

V = AaAa 
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"t        ' f H"*** 

V8    (^1/V^LaA 

•»    =    n 

r» =   n 

A Ti  vj/il 0a = ^ ^  vt 

<KfJ. i-> •Wi*e 

Ap   '   =    X. C W. L p^g  Ps 

From equation (3) 

p  «  = v»/ (Aa') 5-* 
.it • ;di',:-'   *':...«^ -*--<i 

•   . *» 

From equation (3) 

u 

and. 

v» = (Aa«)
u + (A •) 

V = v'/Aa» * ^ ^ t LaVa 

..v ,*•' 

<9) 

(10) 

(ID 

The ratio, of the resistance to heat flow o" tn« oil 8lde to 

the resistance on the air side Is, 

1/h^S, 
H = 

l/haSa 
(12) 

Solving the generalised equations, 3 is found, 

.  ! 

A convenient variable S* is defined, 

Aa' 
S' = ——5 

U0')
2 

2/v W„ 
wa V 

(Uj.) 

T»- 
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In order to apply equations  (9), (10),  (11),  U3), and 

(lU)  to the plotting of a generalized oil-cooler selection 

chart, the values of the exponents x, u,  and v must be 

determined.       The quantities x and u are the exponents occurring 

in the friction factor and heat-transfsr equations on the 

air side, 

L pB '    "   \* = c 

k*? PaVa
2La/D a 

and, 

W 
In oil coolers,  the cooling air generally flows through the 

tubes and the oil around and across the tubes.      For turbulent 

flow of air through tubes, x has been given as 0.2 and u as 

0.8 in reference 5. 

The quantity vis the exponent in the equation corre- 

lating the heat-transfer coefficient on the oil side, 

54 = .^' 
K 4\   Ho  / 

in figure 31 are sho'vn typical commercial data obtained 

on a 13-inch oil cooler.    Prom these data the heat-transfer 

conductance    h0S0    has been plotted in figure  12 as a function 

of weight flow divided by the viscosity at the average  oil 

temperature. 
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Sample calculations are given in appendix II.  The heat- 

transfer coefficient on the oil side hQ ia seen to vary as 

the 0.5 power of ?'*o/V0«  The value for the exponent v has 

therefore been taken as 0.5 in plotting the selection chart 

of figures 15(a) and 13(b).  If later data are obtained that 

would change the value of this exponent, new charts could be 

constructed by the same method. 

Figure lk  has been plotted from Nusselt's results for 

cross flow (reference 6) and gives  £ as a function of £ 

for various values of r\.      The mean temperature difference 

for both counterflow and parallel flow is very nearly the same 

as for cross flow.  Figure 11+ may therefore be used in making 

calculations for oil coolers baffled so that part of the oil 

path corresponds to parallel flow and part corresponds to 

counterflow as well as oil coolers with pure cross flow. 

i.- 

S-:r >;!)•. 

•+•  ' w <r.V 
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H = W0 cp0 A T0 

.'    APPENDIX II 

CALCULATION OF THE OIL HEAT-TRANSFER COEFFICIENT 

From figure 11 the heat dissipation per   100° 

temperature difference between average oil and inlet air for   ' 

a given oil flow and airflow is obtained.       The three heat- 

balance equations, 

* T-     .  ,•     (15) 

':•"'• Z:;      <i6)       ':',;;>, 
H = htSt A T, C (17) 

and the equations defining the thermal efficiencies,, 

n = A TaA T, (18) 

§ = A T0/A T± (19) 

I = * Teffective^ Ti (20) 

determine the over-all heat-transfer coefficient.  Figure 

l4 may be U3ed to determine t    from T) and £.. 

The over-all heat-transfer coefficient is related to 

the heat-transfer coefficient on the oil and air side3 by the 

simple Ohm's law for thermal resistance, 

l/htSt = lAaSa + iA0s0       (?D 

The heat-transfer conductance on the air side is given by, 

haSa = SaCl cpag fatf'*   fpaVa)0'3 (22) 

(Equation (22) may be derived from equation (5) assuming 

ka = 10ua) 

cx a 0.02^7 

I 
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cpa = 0.2]+ Btu/lb/°F 

g • 3^.3 ft/3cc/sec 

The heat-transfer coefficient on  the oil ride  therefore can 

be calculated. 

The value of the  constant J2f  '  may then be found from the 

relation, 

The following calculation will clarify the procedure. 

The date, needed for this  calculation are first listed.     The 

dimensions of a typicnl 13-inch oil cooler are: 

Diameter of cooler, inches   1J 
Length of cooler, inches:  94 
Effect!ve tube length,  5riches0    9 
Frontal  area of cooler,  square  foot  0.921 
Vol uime,   coble foot    0. 691 
Number cf  cubes      1319 
Outside dler.et rr cf  tubes, inch  0.2b£ 
Inside tub<3 diameter,  in-°i  O.256 
Distance  sar*<.s3 flats cf .lexa-gonal ends,  Inch  O.323 
Total open fr.j^tt:!  area,   square foot    0.1i71 
Total cooling surface,  square feet   66.3 
aThere is a £.-inch Isngth of hexagonal tubing at each end of 

the 8i.-inch length of core tubing. The fin effectiveness 
of the hexagonal length is  ascuired to be ^0 percent. 

From figure 11,  the heet dissipation cf  tills cooler for 

an oil flov; of 1+5 pounds  per minute  and an air flow of 25O 

pounds per minute is l6l0 Btu per minute per 100°F temperature 

difference between average oil  and inlet air temperature. 

I 
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The Inlet oil temperature is 225°F and the inlet air is 

100°F.  The arithmetic average of the oil temperature is 

f0 = Tio - L  T0/2 

The total heat dissipated is 

H.  = Bp   (T0  - Tla)/100 

From equation (15)» 

Hp   (Ti0  -  A  T0/2  -  Tla)/100  - *0  cpo A TQ 

solving for A TQ, 

A Tn = 6^.9°F 

The temperature difference between inlet oil and inlet air 

is 225° - 100° m  125°F 

I = 0.^27 

r) = o.i?7 

Frorr. figure llj., 

I  =0.60 

From equation (17) > 

l/ht3t = 5'°^ 

From equation (22), 

lAasa~ 2«00 

Equation (21)   then gives. 

l/h0S0 = 1.01+ 

The value of r-2-nay be read from figure 17, 
ko 

gSL- 1.21, 
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Therefore, substituting In equation (23), 

00*  = °-9U 
Before presenting an illustrative example, it is desir- 

able to introduce the curves of figures 15, 16, and 17« 

u C.2 
Figure 15 shows ra-... as a function of average air tempera- 

P- 

ture and pressure.  The quantity (L  is given by the product 

of £i and a constant    #  ';  determined by the  tube diameter 

Do  and the free area ratio f .       Table  I    lists the  values a a 

of JZf, '  for various comi.iercial-tube sizes. 

In figure lb, i- 
.0.8 

Is shown as a function of average 

air temperature.  The nuantity # is given by the product 
EL 

of r»—   and a constant JZL1; v.hich is determined by the tube 
ka 

diameter and the free  area ratio.       Table  I    lists the values 

of 0a'  for various commercial-tube  sizes. 
.0.5 

In figure 17,    —2—   is shown as a function of average 
ko 

oil  temperature.       The quantity 0    is given by the product 

of    ^o and a constant 0  ';  which Is determined by  tube 
k Ko 

diameter, free area ratio,and the baffling design. The 

constant 0o
l may readily be determined fron experimental 

data by the method given in appendix II. 



APPENDIX ITT 

ILLUSTRATIVE' EXAVPLE 

Tor a given internal design the selection of an oil 

cooler to dissipate a given amount of heat involves a choice 

among the following parameters:  Aa, L8, Wai W0, A oa, and 

R or T .  For a given heat dissipation, the selection of 

three; of these variables completely determines a cooler 

which will dissipate this required amount of heat.  The 

engine manufacturer specifies the weight flow of oil, V»Q. 

Oil coolers are commonly made in only 9-^6 12- inch tube 

lengths.  The 9-inch is usually found superior to the 

12-Inch in freezing tendencies, v.hile the 12-inch may dis- 

sipate more heat for the same frontal area.   Coolers may 

be selected for both 9~an^ 12-Inch lengths and comparisons 

made.  Thus, for a given length and a specified v;eight flew 

of oil, only one of the remaining variables may be chosen to 

completely dsterminc- the cooler. 

The selection of pressure drop, a pa cased on the pres- 

sure drop available, ma;^ not give a cooler with satisfactory 

congealing tendencies while the selection of a low value of 

the tube-wall temperature may require a cooler too large for 

th? space available. Therefore, it is found desirable to 

select several coolers and arrange the values graphically so 

a satisfactory compromise may be made. 
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The selection chart and equations have been arranged in 

a convenient form.   A selection of a value of weight flow 

of air we quickly determines all the remaining variables. 

Several values of ffa mav be selected and the other vari- 

ables plotted against weight flow of air as in figure ij. 

The simplicity of such a chart immediately becomes apparent. 

An oil cooler may now be selected, the compromise mr.de with 

due regard to all the variables. 

An oil cooler wili now be calculated for sea-level 

operation with air at 6o°F.  The oil cooler is assumed to 

have the same geometrical arrangement, tuba diameter, and 

the same internal baffle spacing as the lj-inch oil cooler 

described in apoendix II.  The design conditions are given 

in the following selection forms. 
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Selection Form I 

(For all oil coolers) 

Quantity Symbol Value Units 

Airplane  velocity Vo ko9 ft/sec 

Dra^-lift ratio VCL 0.125 

Weight factor € 1-5 

Duct efficiency 
ft 

1.00 

Altitude 0 ft 

Pressure  at  altitude 2116 lb/ft2 

Impact pressure iP v2 
280 lb/ft2 

Inlet air pressure *ll 2596 lb/ft2 

•Estimated pressure drop L  p 20 lb/ft2 

?-Tean pressure ^a 2566 lb/ft2 

Temperature  at  altitude 59 Op 

Adiabatic  temperature  rise l6.lt °F 

Coding air inlet temperature. Tia 77.4 °F 

Weight flow of oil %     • 2 lb/sec 

Inlet oil temperature Tio 225 Op 

Heat dissipation E 70.7 3tu/oec 

Oil temperature drop A  T0 70.7 op 

Average oil  temperature *0 190 oF 

Inlet temperature difference L Tj lLi.G Op 

Oil temperature drop g 0.1+78 Inlet  temperature difference 
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Oil-Cooler Selection Form 2 

— 

Symbol Value 

Estimated weight flow of air wa.   ..•  
10 

Air temperature  rise *  Ta     ' 30 

Average  r.ir temperature 7F 92 

Air temperature rise r, 0*199    i in.tet  temperature difference 

From figura li:. at r> and £ t      -0.68        '.'   j 

From figure 15(a)   £t pi  and 7. ^-nt 3.22 x 105   ; 

1.926 Hgp^/Pa2* 10*5    • *± 15.83  ;  • 

From figure 16 at. TQ tf'6A. 1.90      •. 

&6G- *°*/km ^a 657a 

From figure 17 at T 
^•^ 

1.23 x'io3' 

°-93 ^a
a5A0 <*o 11.93 

V .0.0230 
H 0X f*a 
Kl #1   £   % L£ V     . 2.152 

Wa 5.50 

V*/0Q)
h 

915 

/Wf      ^o2 
&<     • 650 

Vfo/   wa *** 



- 27 - 

Oil-Cooler Selection Form J 

At the Intersection of the L ' and S1 curves on the 
generalized selection'chart She values of the remaining 
generalised variables are read. 
         —     —, 

Generalized 
variable 

Value  of 
generalized 
vari able 

Constant Value of 
constant 

Variable Value  of 
vai'iable 

P   » 50.0 *Y t * 550 10.0 PP 
5.0 hp 

V 0.17ii-7 iAa 0.10 Aa 1.75 ft2 

* V 50.0 \ **/*• 8 2.2J A P« 22. U lb/ft2 

R 0.517 H O.517 

  

v = Aa La = 1.25 ft- 

W - v pw = ol lb 

(C_/Cr)V0 W^50 = 9.3 hp (Constant wing loading) 
D  j 

Pt = pw + Pn = 1L.3 hp 
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TA3LE I 

Across 
hex 0.   D. I.   D. t pitch n fa sa V V 
O.323 0.268 O.256 0.006 0.279 159k O.569 O.O67O 1.65X1D5 3950 

0.296 0.2.1+3 O.238 0.005 O.256 1898 0.5G6 0.0623 1.71 U280 

0.272 0.230 0.220 0.005 O.256 22U7 C.59I4. 0.0576 I.76 I4.6OO 

0.250 0.210 0.202 O.OOJ4 0.217 2660 0.592 0.0529 2.10 ltfio 

4 
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Figure 1.- Temperature gradient for oil to air heat tranefer. 
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Analysis is presented on the performance characteristics, power cost chargeable to the 
installation and congealing tendencies of oil coolers.    The present survey is submitted in 
order to show uhat conditions must be attained in selecting an oil cooler uhlch will give 
satisfactory operation under all flight conditions.    In most cases a large cooler with 
small pressure drop and with good control over the air flon nould consume less.total pooer, 
is less likely to congeal and would require a smaller Eass flow of air.    Such an arrange- 
ment would consume less than half the total power used by a cooler using all the pressure 
drop available. 
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